Summary: An electroimmunodiffusion assay (EID) for the quantitative determination of the major apolipoproteins of the human high density lipoprotein fraction, apolipoproteins A-I and A-II, was compared with a solid phase radioimmunoassay (RIA), previously described by us. Data obtained by both methods largely depended on the pretreatment of the sera. Pretreatment consisted either of delipidation with an ether/ethanol mixture or tetramethyl urea, or of denaturation by heating the sera to 52 °C for 3 hours. Delipidation with ether/ethanol produced a decrease of apolipoprotein A-I values in both methods as compared to treatment with tetramethyl urea. In contrast, the ether/ ethanol treatment did not alter apolipoprotein A-II values in the RIA, while in the EID this procedure led to an increase of apolipoprotein A-II values. Heating gave an increase of both apolipoproteins A-I and A-II in both assays, but results obtained by EID were difficult to interpret because of the appearance of indistinct or double rockets. Comparable results by both methods were obtained, when sera were pretreated with tetramethyl urea. Handling and reproducibility seemed to be slightly better with the EID than with the RIA.
Introduction
exert a P rotective effect against coronary heart disease Recent evidence has indicated that it is probably not so much the lipid portion which makes a particular lipoThe quantitative determination of the different apoprotein harmful to the arteries, but rather its apolipo, proteins and its relationship to metabolic disorders is protein composition. It is well established that serum therefore an important goal of today's lipoprotein low density lipoproteins (LDL) are highly atherogenic, diagnostics. While the quantitation of apolipoprotein B, whereas serum high density lipoproteins (HDL) seem to the apolipoprotein of LDL has become a routine 0340-076X/80/0018-0917$2,00
analysis, for which a commercial test kit is available, the quantisation of the other apoproteins still poses considerable problems.
Several assays for the quantitative determination of apolipoproteins A-I and A-II, the two major apolipoproteins of HDL, have been published during the last few years (4) (5) (6) (7) (8) (9) . The objective of this study was to compare an electroimmunoassay (EID) for apolipoproteins A-I and A-II with our previously described radioimmunoassay (RIA) (9) .
Materials and Methods

Serum samples
Sera were taken from normolipidemic adults after a 12 hours fast. The sera were used either non-treated or delipidated with ether/ethanol (10) or with 1,1,3,3,-tetramethyl urea (11), or they were heated to 52 °C for 3 hours in siliconized vials (5). Non-treated or ether/ethanol delipidated sera were diluted with the buffers used for RIA or EID, respectively. Sera delipidated with tetramethyl urea were diluted with Trisurea buffer, pH 8.0, containing 0.01 mol/1 Tris, and 8 mol/1 urea (8).
Antigen and antisera preparation HDL was isolated from individual donors by sequential ultracentrifugation (12) and repeatedly delipidated with 4 volumes acetone (twice), heptane (twice), ether/ethanol (11) twice and ether (once). The residue was finally dried under N 2 . The delipidated HDL was filtered on Sephadex G-150 in 6 mol/1 urea, 0.03 mol/1 Tris-HCl, pH 8.2 (13) and rechromatographed on DEAE cellulose in 6 mol/1 urea (14, 15, 16) . Antisera against apolipoproteins A-I and A-II were raised in sheep as previously described (9) . Specific anti-apolipoprotein A-I antibodies were isolated over an immunoadsorbent consisting of apolipoprotein A-I. In the case of anti-apolipoprotein A-II the antisera were extensively adsorbed over several immunoadsorbents consisting of apolipoprotein A-I, human albumin, immunoglobulins, and various standards for immunodiffusion plates (Behringwerke, Marbuig/Lahn), containing no HDL, which had been coupled to Sepharose 4B. The gammaglobulin fraction of this antiapolipoprotein A-II antiserum was prepared by precipitation with ammonium sulfate at 0.35 saturation. Both antibody preparations were monospecific as tested by immunoelectrophoresis and by double diffusion in agar against whole human serum, human serum albumin, LDL, apolipoprotein A-I and apolipoprotein A-II.
Assay procedure
The solid phase radioimmunoassay for apolipoprotein A-I and apolipoprotein A-II using bromoacetylcellulose was described previously (9) . For the electroimmunodiffusion assay the following procedure was employed: 1.5 g of agarose was mixed with 50 ml diethyl-barbiturate buffer pH 8.2, μ = 0.1, 50 ml water and 10 mg sodium ethylmercurithiosalicylate. The mixture was heated to about 100 °C until it became a clear solution. Five ml of this agarose stock solution were mixed with 5 ml of buffer solution containing 0.8 mg of isolated anti-apolipoprotein A-I antibodies, or 15 mg of antiapolipoprotein A-II gammaglobulins respectively, and poured onto glass plates (12 cm X 5 cm). After gelation the plates were stored in a moisture chamber at 4 °C. 4 μΐ of serum or standard were applied per well and electrophoresis was performed with cooling for 2 hours at 40 mA per plate. After electrophoresis the plates were dried and stained with amido black 10 B, or with oil red.
Apolipoprotein A-I and A-JI standards
Purity of apolipoprotein A-I and Α-Π preparations was assessed by SDS polyacrylamide gel electrophoresis, by isoelectric focusing, using a pH gradient from 3 to 10, and by immunoelectrophoresis against anti-whole human serum and anti-a r lipoprotein (Behringwerke, Marburg/Lahn).
Concentration of apolipoprotein A-I and A-II was determined according to Lowry et al. (18) , using bovine serum albumin, fraction V (Pentex, Miles Laboratory, Kankakee, III.) as the standard.
Results
The mean concentrations of apolipoprotein A-I and A-II as determined by EID and RIA for 50 males and 50 females between 20 and 60 years old are displayed in (5), a net increase of apolipoprotein A-I values as determined by RIA is obtained when sera are heated to 52 °C for 3 hours prior to analysis. According to our experience this is not only the case for apolipoprotein A-I but also for apolipoprotein A-II values as determined by either RIA or EID. This increase varies from one serum to another in the order of 10 to 50%, the mean increase being 20%. In the EID, rockets with heated or with untreated sera were not very distinct ( fig. 1 ).
In both cases, occasionally even double rockets appeared notably in the case of apolipoprotein A-I, the inner rocket being about half the length of the outer rocket. The estimation of the respective apolipoprotein A-I concentration for the inner rocket gave, with untreated sera, about 60 to 80 per cent of the tetramethyl urea values. For the outer rocket about 150 per cent of the tetramethyl urea values was observed. With sera heated to 52 °C the inner rocket would approximately give the same value as obtained after tetramethyl urea treatment, while the outer rocket led to values of 150 per cent and more of the tetramethyl urea values.
Upon staining with oil red only sera delipidated with ether/ethanol were not stained, indicating that the other procedures did not entirely remove the lipid portion. In order to study the reproducibility of both methods, sera with three different concentrations of apolipoprotein A-I, treated with tetramethyl urea, were analysed on ten different days. The coefficients of variation calculated for both methods are shown in table 3. Both methods give fair reproducibility, the EID being slightly superior to the RIA. 
Discussion
In view of the increasing amount of evidence indicating that HDL may exert a protective effect against arteriosclerotic vascular lesions its quantitation becomes an important parameter in lipoprotein and lipid diagnostics. At the present time HDL is usually estimated by determining its cholesterol content after separation from the other lipoprotein classes by ultracentrifugation or precipitation. A more direct and more informative approach to the study of the physiological effect of HDL is the quantitative analysis of its apoprotein moiety. Apolipoprotein A-I is the major apolipoprotein of the HDL fraction followed by apolipoprotein A-II and apolipoprotein E. This study presents a comparison between an electroimmunoassay (EID) and a solid phase radioimmunoassay (RIA), previously described by us (9) for the quantitation of apolipoprotein A-I and apolipoprotein A-H. Since the major problem in the quantitative determination of apolipoprotein A values seems to be the pretreatment of the sera in order to get fully immunoreactive apoproteins, we compared three different procedures for delipidation and denaturation of the sera, namely the delipidation with tetramethyl urea (11) or' with an ether/ethanol mixture (10) and heating (5) . The various pretreatments led to several differences in the behaviour of apolipoproteins A-I and A-II in RIA as well as in EID. In the RIA, native sera and sera delipidated with tetramethyl urea gave similar results for both apoproteins. Upon delipidation with an ether/ ethanol mixture a decrease in apolipoprotein A-I values as compared to data obtained after tetramethyl urea delipidation was noted, while apolipoprotein A-II values determined by RIA were not affected by this pretreatment. Heating to 52 °C as suggested by Karlin et al. (5) increased the values for both apolipoproteins A-I and A-II, in some cases up to 50 per cent of the tetramethyl urea values. In agreement with a previous report, the RIA method showed an important increase, notably of apolipoprotein A-I values, upon storage of the sera at 4 °C.
In the EID, native sera produced weak and indistinct rockets for both, apolipoprotein A-I and A-II, which were not suitable for quantitative evaluation. Delipidation with ether/ethanol produced a decrease in apolipoprotein A-I levels, similar to that observed in the RIA. In contrast to the RIA, this pretreatment gave an increase of apolipoprotein A-II levels as determined by EID. Heating finally led to an increase of both apolipoproteins A-I and A-II, as observed in the RIA, but only rockets produced for apolipoprotein A-II were distinct after this pretreatment.
In contrast to the RIA, the EID provides an impression of the various alterations arising after the respective pretreatments of the sera. Staining for lipids indicates that only the delipidation with ether/ethanol leads to lipid-free samples, while the other procedures merely produce a denaturation. EID data indicate that several aggregates are produced by heating, which are visualized by the diffuse and double rockets. The same seems to apply for untreated sera, where these forms probably arise upon storage. It has been shown that storage, like heating, leads to an increase of apolipoprotein A-I as determined by RIA (5).
Provided that similar methods are used for the pretreatment of the sera, our data are in good agreement with data from other authors (4) (5) (6) (7) (8) . Both methods, RIA and EID, produce comparable results, but reproducibility seems to be slightly higher with the EID. In addition, the EID may be performed in any laboratory with normal electrophoresis equipment, and results may be obtained within a few hours, while the RIA needs a considerably longer time for incubation.
